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ABSTRACT 


The present study proposes the use of the time a patient 
spends in a military hospital as a measure of the efficiency 
of that military hospital through comparison with lengths 
of stay in a civilian hospital. The same comparison is 
proposed as an indicator of how utilization patterns in the 
general populace may change if large-scale access to com- 
prehensive prepaid health care iS implemented. In addition 
an algorithm for determining the size of the population 
supported by a military hospital is developed. 

The study concludes that length of stay can be used 
aS a measure of hospital efficiency. However, the results 
of a comparison with civilian hospital lengths of stay must 
be tempered by consideration of the uniqueness of the 
Military population served. It is also concluded that the 
probable degree of increased utilization of inpatient care 
resulting from large scale access to low-cost health care 


is very small or even negative. 
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Ie INTRODUCTION 


In this country the belief is becoming more widely held 
that each and every citizen has the right to some degree of 
access to both preventative and curative health care. It is 
also increasingly accepted that the type of care received 
should not be significantly dependent upon one's social or 
economic status. As tne costs of health care continue to 
rise, it becomes increasingly apparent that to provide this 
"right" the present fee-for-service system of health care 
delivery must be modified. 

Various national and state plans to modify the present 
fee-for-service system are now being discussed. All of 
these plans call for some degree of public provision of 
health care. For example, on the national level there is: 

1) the Health Security Act sponsored by Senator 
Edward Kennedy which is basically a comprehensive 
Public approach. 
2) the Health Care Insurance Act which is a tax- 
credit approach. 
3) the National Health Insurance and Improvement 
Act and the Nixon Administration Partnership Act 
which are mixed public and private approaches. 
Embodied in all of these approaches is the elimination or 
reduction of the present fees paid by a patient for care. 
To the extent that this fee acts as a rationing device, 


overuse of the health care system may result. 





Even if overuse does not result from implementation of 
a low-cost health care system, utilization of present 
facilities should increase as more people are able to afford 
more extensive health care. With this increased utilization 
the question of the efficiency of the health care delivery 
system, in particular, the hospital, becomes more important. 
The present study examines the possible effects of large- 
scale access to low-cost health care using the military 
health care delivery system as a prototype. A method of 
addressing the efficiency of that prototype is also proposed. 

Comparison of the length of time a patient spends in a 
Military hospital for any specific disease or condition with 
the same length of stay in a civilian hospital is proposed 
as a measure of efficiency and of the effects of large-scale 
access to low-cost health care. 

Comparisons done in the present study were not Se. 
for population characteristics, since at present no general 
well-defined method to do so exists. However, in order to 
enable future analyses to make this adjustment, a method of 
determining the size and characteristics of the supported 
population was developed. The results from application of 
this methodology to the population supported by Oak Knoll 


Naval Hospital are presented. 





MIT NATURE OF THE PROBLEM 


Two separate objectives were persued in this study. 
The first was a proposed basis for determining the specific 
areas into which hospital efficiency studies should be first 
directed. The second was the possibility of using the 
military health care delivery system as a prototype for a 
system that may develop if large-scale comprehensive access 
to low-cost health care were to be implemented in the United 


States. 


A. HOSPITAL EFFECTIVENESS 

At present studies underway in the area of military 
health care are concerning themselves with the aggragate 
Situation. They are addressing the question of how to 
improve delivery of health care in the entire military 
health care delivery system. This approach could lead to 
true optimization of the system as a whole. However, im- 
plicit in this type of study is the assumption that all 
sub-units of the system are operating efficiently or, at 
least, will continue to operate as effectively as they did 
in the past. It is obvious that this assumption could easily 
be incorrect. By making decisions based on aggragate 
analyses that make this assumption, inefficiencies in in- 
dividual hospitals would go unnoticed T thus, uncorrected. 
In order to upgrade the quality of the aggragate study, but 


not significantly delay the desired results, a method of 





quickly and accurately determining whether a hospital is 
operating efficiently is needed. This study proposes one 
method. It can be done quickly by the hospital itself on 
existing computing systems. 

Re Hospital Efficiency 

The efficiency or effectiveness of a hospital is 
difficult to define. Implicit in any discussion of effi- 
ciency or effectiveness of an organization is the assumption 
that what that organization does has been well defined, 
measures Of how well it does the job can be made and cri- 
teria with which to compare these measures exist. However, 
for hospitals this has not been satisfactorily done and is 
a difficult task. The broad objective of a hospital is to 
deliver "adequate health care" to its patrons. To date no 
universally acceptable definition of "adequate health care" 
exists. Thus one is left with the task of determining how 
to improve efficiency or effectiveness without knowing how 
to define it. 

No attempt is made in this study to determine a defini- 
tion of “adequate health care". It is assumed that the care 
maven a patient by a military hospital for any specific 
disease/condition is as adequate as that given by a civilian 
hospital. With this assumption the requirement to precisely 
define "adequate health care" is not necessary. 

The present study is limited to the inpatient area of 
DUDEN Whale it is realized that this area is only a 


portion of the patients served by a hospital, it does occupy 





the largest portion of space, personnel and time of any 
Hospital. For this reason, it is the area to which initial 
efficiency studies should be directed. 

2. The Hospital Unit 

A hospital can be considered as a single "health 
care delivery unit" consisting of many elements. An element 
consists of a group of persons and/or an assemblage of 
particular equipment devoted to a specialized task in 
administering to a patient. Some examples of elements are: 
operating theaters, intenSive care units, pharmacies and 
X-ray departments. Each of these elements operate in 
conjunction with others to deliver care to a patient from 
the time he enters the hospital until he leaves. Specific 
subsets of the larger set of all elements are utilized in 
caring for a patient with a particular disease or condition. 
This study proposes a method to determine which of these 
elements should be examined first in considering the effi- 
ciency of a hospital. 

Each element of the hospital unit has a specific task 
assigned. Measures of effectiveness can be determined for 
an element itself; thus, the question of effectiveness or 
efficiency of an element can be addressed. Although an 
approach on the element level is actually a sub-optimization 
approach, further studies can build on this approach when 
trying to analyze the hospital unit. The method proposed 
will enable an analyst to determine which elements of a 


hospital unit are the best candidates for initial effectiveness 





studies. The method makes comparisons with civilian hospitals 
through a two-stage screening process. This screening process 
points out those elements of the hospital unit that are the 
best candidates for efficiency studies at the element level. 
Length of stay for a particular disease or condition is the 
variable used in the first stage of the screening process. 
The seriousness of a disease/condition is the variable used 
for the second stage. The choice of whether to use one or 
two stages of the process is up to the analyst. 
3. Factors Affecting Length of Stay 

Among the general categories that affect the length 
ae ime a patient spends in a hospital for any particular 
disease/condition are the physical characteristics of the 
patient himself and the circumstances under which he receives 
care. The pertinent physical characteristics are age, sex 
and general physical condition. For this study, these 
factors are considered the same whether a patient is treated 
by a military or civilian hospital. The applicable cir- 
cumstances under which a patient receives care are: the type 
of institution that treats him, the cost to the patient of 
the care and the seriousness of the disease/condition for 
which he is treated. Of these circumstances only the 
seriousness of the disease/condition can be considered the 
same for military and civilian hospitals. Seriousness of 
the disease/condition here is determined by the type of 
disease or condition the patient has. For example acute 


bronchitis and birth without complication are not considered 
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serious; whereas, acute appendicitis, diabetes mellitus and 
functional disease of the heart are. 

Hyman Joseph [Ref. 1] in a study of 27 Iowa Hospitals 
found that the cost to a patient of the care he receives has 
little affect on the length of stay for those diseases/ 
conditions that are considered serious as defined above. 

For the less serious diseases/conditions, Joseph found that 
length of stay tends to go up as the cost to the patient goes 
down. These results have a direct impact on comparisons of 
lengths of stay in a civilian versus a military hospital. 

For those diseases/conditions considered to be serious, 
longer lengths of stay in military hospitals can be considered 
as an indication of possible inefficiencies in one or more 

of the hospital elements employed in the treatment of that 
disease or condition. This conclusion is possible since, 
according to Joseph, these diseases/conditions are relatively 
insensitive to the patient's cost. However, for the less- 
Serious disease/condition longer lengths of stay are no 
indication of inefficiency, instead, they are expected 
because of the lower cost to the military patient. 

Civilian hospitals are of two types, those who operate 
to make a profit for their owners and those who are funded 
by states or municipalities. The effect on length of stay 
of both these types is a tendency to lengthen it. For the 
profit-motivated hospital, longer lengths of stay cause added 
Operating costs, but since they do operate for profit, the 


charge to the patient will exceed these costs. The result 


Il 





is that longer lengths of stay produce more profit, thus, 
private hospitals would have the tendency to increase 
lengths of stay. Both types of hospitals, in general, 
amortize their fixed costs over patient days. This practice 
has tne effect of also lengthening the time a patient spends 
che hospital. Thus, for any specific disease or condition, 
lf the length of stay for a military hospital is signifi- 
Santy longer than that for a civilian hospital, the hospital 
elements involved in the treatment of these diseases/ 
conditions are candidates for further study into their 
efficiency. 

The most important determinant of length of stay in the 
hospital is the doctor. The doctor directs the treatment of 
and determines when a patient is ready for discharge. Given 
that a patient has a particular disease or condition, 
regardless of the type of institution, the doctor primarily 
determines length of stay. Thus consideration of what 
motivates a doctor to lengthen or shorten length of stay 
must be addressed if a length of stay criterion is used in 
analyzing a EUN 

In the civilian sector of health care almost all doctors 
are self-employed. Although a hospital may employ staff 
doctors, most doctors only use the hospitals for treatment 
of their patients. It is this self-employment aspect that 
has the greatest impact on length of stay. Under the present 
fee-for-service system, a doctor usually receives more money 


for cases that require longer lengths of stay. As long as 


T2 





the marginal profitability of having a patient in the 
hospital is greater than zero, this self-employment aspect 


has the tendency to motivate a doctor to keep a patient 


longer than is necessary. In military hospitals this is 
Bor the case. Military doctors are paid a salary based 
on their rank and time in service. Regardless of how many 


patients treated or how long a hospital patient stays the 
doctor will continue to receive the same salary. Thus, there 
is no profit motivation for a military doctor to increase 

the lengths of stay for a hospital patient. In fact given 
the large number of persons served by a military hospital, 
the military doctor may be motivated instead to reduce the 
length of stay in order to serve more patients. 

The effect of the type of institution and the doctor both 
have the effect, in the civilian sector, of increasing the 
length of stay of a patient with a given disease of con- 
dition. This bias towards longer lengths of stay suggested 
the screening criterion for stage I of the screening process. 
Stage II of the screening process then makes the final 
selection possible. 

be Screening Process 

To determine which elements of the hospital unit 
should be examined first a two-stage screening process based 
on disease/condition is used. The diseases/conditions to be 
considered are chosen on the basis of the greatest number of 
occurances of a specific disease/condition or on the 


momeability Of Gata with which to compare. Since little 
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data is available from the civilian sector, the diseases/ 
conditions chosen for this study were based on availability 
of comparative data. 

Stage I of the screening process concerns itself with the 
length of stay for a particular disease or condition. For 
each disease/condition the mean length of stay for military 
patients is compared to mean length of stay for the same 
disease/condition in the civilian sector. Given the bias 
toward longer lengths of stay in the civilian sector, those 
military lengths of stay that are significantly longer are 
submitted to stage II. Those lengths of stay that are not 
longer are discarded. 

Stage II uses the seriousness of the disease/condition 
as its decision variable. Of the diseases/conditions with 
Significantly longer lengths of stay, those which are con- 
Sidered "Serious" are retained for study with the others 
being discarded. 

Those diseases/conditions that remain after the screening 
process is complete are broken into the elements that con- 
tribute to the care of the patient with that disease or 
condition. An efficiency study is first directed toward 
those elements that occur most often among the diseases/ 


conditions. 


B. LARGE-SCALE ACCESS TO LOW-COST HEALTH CARE 
It is increasingly apparent that in the United States 
the population at large considers access to adequate health 


Seer tent ne potentially Merge increase in demand for 
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medical services that would result from the adoption of such 
a principle points out that the present health care delivery 
system would be inadequate, as presently constructed, to 
handle such demand. 

ie Moral Hazard 

Large-scale access to comprehensive low-cost health 

care leads to the fear that if we guarantee access to the 
delivery system through government finance of care, utili- 
zation will increase to such a proportion as to deny many 
people any health care at all. It is felt that this increase 
will occur not only because more people are covered, but 
because people previously covered by third party insurance 
will, because of the lower cost to them, tend to increase 
their usuage as well. This phenomenon of increased utili- 
zation as costs to the patient are lowered is called "moral 
hazard" in the insurance literature. 

The question of whether moral hazard does exist is of 
vital importance in considering a change in the health 
care delivery system in the United States. If overutili- 
zation does occur government finance of care (in the form 
of the Kennedy Health Securities Act on a national scale) 
will have to take it into consideration in determining what 
costs should be borne by the patient and under what cir- 
cumstances they should be paid. 

2. The Military Prototype 

Relative moral hazard is defined as the tendency 


an individual to increase utilization of health care over 
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what he might have done under a fee-for-service plus 
coinsurance system. In order to best estimate the existance 
of relative moral hazard one should examine the utilization 
of an existing system in which costs to the patient are zero 
or minimal and access to the system is on a large-scale 
basis. The military health care delivery system is just 
such a system. As a prototype of a system that might result 
if large-scale comprehensive access to health care is 
implemented, examination of the utilization figures for the 
military system should enable one to determine the existance 
of relative moral hazard. 

Military personnel and their dependents are enrollees 
in a prepaid comprehensive health care delivery system with 
no deductibles and only a nominal copayment for inpatient 
room charges. They are entitled to financially unlimited 
access to both in and outpatient medical facilities. The 
only rationing mechanism is the queue which forms if demand 
is temporarily greater than supply. 

The medical personnel are likewise either military or 
Civilian salaried employees with no economic incentive to 
overprescribe care. 

For these reasons it is felt that careful study of the 
utilization patterns of military personnel can lead to a 
better understanding and more correct projections of the 
demands on medical resources attendent to implementing the 


general populations right to adequate health care. 


16 





The present study concerns itself with inpatient 
utilization patterns based on data collected from Oak Knoll 
Naval Hospital for the period June 1972 to May 1973. Nine- 
teen Of the 22 O IIS identified by Joseph 
[Ref. 1] are examined. Mean length of stay for each disease/ 
condition is calculated and compared with that. realized in 


the fee-for-service plus coinsurance of Joseph's study. 


C. POPULATION SIZE AND CHARACTERISTICS 

The characteristics of the population served by a military 
hospital differ somewhat from that of a civilian hospital. 
vo characteristics are particularly different. These 
characteristics are age and sex. 

While the mean age of all persons eligible for military 
Dach care is probably near that for the civilian community, 
two concentrations exist. These concentrations are in the 
18-29 year old range and the 38 year old and older groups. 

The large number of 18-29 year olds results from the fact 

ma age group is the age group that makes up the largest 
number of men presently on active duty in the military service. 
The 38 year old and older group results from the present 
retirement system. Under this system military personnel can 
retire after 20 years service with full rights to military 
health care. Although these persons do not get the same 


priority for health care as active duty personnel, they are, 
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nevertheless, entitled to CD Thus, as far as a potential 
population to which the military hospital must serve, two 
concentrations of persons will exist. 

In addition to the age characteristics, sex also is a 
Rm characteristic. This particular characteristic will 
make itself felt most predominantly in the 18-29 year old 
group. At present the largest majority of military personnel 
in this age group are male. Thus any study of military 
health care must concern itself with the particular medical 
problems of this group. 

ne characteristics of a population will in large part 
determine what type of health care must be planned for.  How- 
ever, the size of the entire population will largely deter- 
mine how much must be offered. Unless this figure is known, 
lue substantative planning for expansion or contraction 
of services can be made. In addition if meaningful compari- 
sons are to be made between military and civilian hospitals, 
the size of the population served must be known. Many 
analytical models of health care delivery systems are based 
on knowledge of such facts as admission rates, surgical 
rates and others. Unless accurate information concerning 
rates 1S input into these models, their usefulness will be 
nulified. For these reasons a substantial part of the time 


Spent in this study was spent in developing an algorithm 


E AS presently set up active duty military personnel are 


asSigned a priority of one. Active duty dependents are prio- 
rity two and retired personnel and their dependents are prio- 
rity three. 
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that accurately estimates the size of the population served 
by a military hospital. In the present study the development 
was keyed to the Oak Knoll Naval Hospital in Oakland, Calif- 
ornia. However, by defining the area of interest in the 
context of the algorithm it can be used to estimate the 


Sze Of the supported population for any military hospital. 
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III. ANALYSIS 


This analysis of the Oak Knoll Naval Hospital was con- 
ducted in four stages. The first stage consisted of deve- 
lopment of a population-size estimating algorithm. This 
algorithm was then used to estimate the size of the popu- 
lation served by Oak Knoll Naval Hospital. The second stage 
of the analysis consisted of determining the age and sex 
characteristics of the population. The third stage of the 
analysis contrasted lengths of stay at Oak Knoll Naval Hos- 
pital for 19 diseases/conditions with lengths of stay at 
oilas B. Hays Army Hospital and 27 Iowa Hospitals. 

The fourth stage consisted of an analysis of the data 
available on inpatients admitted to Oak Knoll from June 1972 
to May 1973. This analysis included seven items. These : 
items were: 

1) admission rates per 1000 eligible personnel 
mimi the period by age and sex 

2) surgical rates per 1000 eligible personnel during 
Mic period by age and sex 

3) number of patient days during the period by age 
and sex 

4) length of stay during this period by age and sex 

5) admission rates per 1000 eligible personnel by 
age, sex and ICDA code 

6) length of stay by age, sex, and ICDA code 


7) length of stay by age, sex and patient category. 


20 





A. POPULATION SIZE ALGORITHM 

The Naval Facilities Command [Ref. 2] proposes a method 
of determining the total supported population of a Navy 
hospital. This model was initially considered; however, 
it was found to be severely limited in its actual predictive 
wae, itt does not consider many factors that have a signi- 
ficant impact on the size of the population supported by a 
Naval hospital. The model specifically does not consider 
the following items that have a large impact on the size of 
the population being supported by a Naval hospital: 

1) the presence of other military hospitals in 
the area. 

2) the fact that active duty dependents can use 
EHOGUPUS 1f they live greater than 30 miles from a military 
hospital. 

3) the difference between the mean number of de- 
pendents per active duty person in the different services. 

4) the number of retired personnel who have waived 
retired military sam or have their retirement check sent to 
Mu roa outside of the area they live in. 

5) ni tion of the size of the area to be con- 
sidered in population estimation. 

For these reasons it was decided that a more complete al- 
gorithm for estimating population size was necessary. 

In developing such an algorithm a two-stage approach 
was used. First, the different types of eligible personnel 


actually served during the period under consideration were 
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determined. Second, a method of estimating the number of 
these personnel actually residing in the Oak Knoll area was 
developed. 

From reports available at Oak Knoll, it was found that 
eligible personnel served during the period 1 January 1972 
to 31 March 1973 fell into five general categories. These 
categories were: 

Maeve duty military 

2) dependents of active duty military 

Dm retired military 

4) dependents of retired military 

5) other - including reserve military and other 
eligible government employees. 
During the period examined 99.3% of the personnel treated 
at Oak Knoll Naval Hospital fell into categories one through 
four. The algorithm was developed only to estimate the 
population size of each of these four categories. For this 
reason, the true population size will be slightly larger 
than that estimated by the algorithm. However, since this 
difference was so slight over the 15 month period examined, 
it was disregarded with little loss in total population 
Size estimation. 

Active duty personnel must be considered by service. 
This approach is necessary since available data on the size 
of the military population in any area is available only 
from the individual services. For use in the algorithm, 


the personnel assigned to a base were considered to be living 
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within a 10-20 mile radius of that base. Of the three ser- 
vices, Army, Air Force and Navy, only the Army and the Air 
Force have aggragate population sizes available for areas or 
bases. Army data is available as a total number of active 
duty personnel working in a particular county. Air Force 
Dis available in the form of total active duty military 
assigned to a particular Air Force base. Navy population 
size must be gathered from several sources and totaled. 

Data on Navy population size is available in two major 
forms. These forms are the number of personnel assigned 
to non-deploying units and the number assigned to deploying 
units. Both of these figures are available by Naval Base. 
Reference 3 contains population size by Naval installation 
for non-deploying units and activities. To these figures 
must be added the number of personnel serving in deploying 
units. This number is available in two forms. The first 
mem is for deploying aircraft units and aircraft carriers. 
Reference 4 gives the number of personnel assigned to each 
mieeratt squadron and aircraft carrier by homeport or home- 
base. The number of personnel on deploying units other than 
aircraft carriers is obtained by first determining which 
Ships are homeported in the ports under consideration and 
adding their allowances to the figure for active duty 
military personnel. It was realized that this method gave 
a Slightly inflated population size. However, the difference 


was considered to be insignificant. 
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The number of active duty dependents was calculated 
using service-wide Department of Defense ratios. Reference 
5 contains the ratios of number of dependents per active 
duty military for each service. Since there is considerable 
difference between these ratios, the ratio for a particular 
service was used in estimating the number of dependents for 
the active duty military in that service in the area considered. 

An estimate of the total number of retired military was 
obtained by using retirement pay check totals. The finance 
centers for each service were able to provide the total 
number of checks sent to a particular zipcode area. These 
totals were then added for the pertinent areas to obtain 
a base figure for total military residing in the area. This 
base figure was adjusted upward by two factors. These factors 
were the number of retired personnel who have their retirement 
checks mailed to an area different from that in which they 
live and the number who have waived retired pay, thus receiv- 
ing no check. An estimate of the proportion of retired 
personnel in each of the above categories was made. This 
estimate was based on a survey conducted at the three Navy 
Exchanges serving the Oak Knoll area. Appendix A gives the 
sample size and confidence interval Mee acis for these 
proportions. 

The number of retired military dependents living in the 


area was estimated by use of a ratio of dependents per retired 
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military obtained from the Navy Exchange survey mentioned 
above. Appendix A gives the sample size and confidence 


meer val calculations for this ratio. 


B. POPULATION CHARACTERISTICS 

The age and sex distribution for active duty and retired 
military was obtained through two channels. The age and 
sex distribution of active duty personnel was from Department 
of Defense figures for the entire military population. These 
figures were correct as of 30 June 1972. Although the period 
under consideration was later than this, it was not felt that 
the proportions of persons falling in any age group would 
change significantly from the June figures. The effects of 
eall voluntary force on this distribution is not known. 
For the purpose of this study the age distribution of active 
duty military wives was considered the same as that of the 
husband. 

To estimate the age and sex distribution of retired 
personnel survey techniques were used. Sample data obtained 
from the Navy ES survey previously mentioned were used 
to estimate the proportion of retired personnel and 
dependents falling in a certain age group and the proportion 
of male and female retirees. 

In order to estimate the age distribution of retired 
personnel one must first estimate the population size and, 
then, through sampling, the proportion of personnel falling 
into a particular age group. With these two numbers it is 


possible to estimate the age distribution of retired personnel. 





Estimating the proportions of persons falling into a 
particular age group is the same as estimating the proba- 
bilities that any one individual will fall into any partic- 
cular group. Let Py > Do; Ph be the probabilities that an 
individual falls into each of the groups and E be the 
number from a sample of size n (as È Nj) that fall in cate- 

j= 


gory j. The maximum likelihood estimators of the proba- 


bilities pj are: 


Asymptotically (n>v) the random vector P=(P}>Po,--->5P,) has 
menonsinegular multivariate normal distribution. Miller 

EI 6l gives the results for simultaneous confidence inter- 
vals on each of the Pz: In reference to Goodman's (1965) 


work, he states that the Bonferroni confidence intervals are 


X“ (a/m)+2N + 





X1 (a /m) [X] (o /m) 4N , (n-N ,)/n] 


pLE 
J 2 
2(n+X}(a/m)) 
for = 1,2,...,m groups and are a 100(1 - a)% confidence 
region for each Der This interval was used to calculate the 


confidence intervals on the proportions obtained from the 


Exchange survey. 


C. POPULATION AREAS 

Three areas were considered in calculating the population 
size by use of the previously discussed algorithm. The 
choice of the areas was based on several considerations that 


potential Oak Knoll users might take into account. 
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Population area one (figure 1) was defined by the 
following boundaries: the west coast of California; the 
California-Nevada state line; the California-Oregon state 
line; and a straight line through the following points: 
Harmony, San Miguel, Hollister, Los Banos, Chowchilla, 

Sing Peak, Triple Divide and Brodie. Although population 
area one (figure l) is clearly not an area in which all 
potential users would normally choose Oak Knoll, it is 
included to provide a general picture of the magnitude of 
the potential military health care load in the Northern 
California area. 

Population area two (figure 2) was defined by using the 
first three digits of the Postal Service assigned zipcodes. 
These zipcodes were: 940, 941, 943, 944, 945, 946, 947, 948, 
E950. 951, 952, 953, 956, 957, 958, 960. It was chosen 
because it seems to be an area in which recipients could 
easily use Oak Knoll if they desired. The distances to 
Oak Knoll from any point in the area are not so great as to 
preclude a one day visit. However, the user does have a 
choice of three major military hospitals in the area (Travis, 
Letterman and Oak Knoll.) In addition much of the area lies 
outside a 30-mile radius placed around each hospital, thus 
CHAMPUS is a possible alternative. Area two, then, is of 
more interest than area one, but area three is the area that 
Oak Knoll would serve almost exclusively. 

Area three (figure 3) consisted of the California 


feunties Alameda, Contra Costa, Santa Cruz, Santa Clara and 
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Sanoma. It was chosen for two reasons. First it seemed to 
be the area in which potential users would logically choose 
Oak Knoll over the other two hospitals. This appearance is 
based solely on direct access to the hospital. From any 
point in the area, a user has less than a one-hour trip to 
the hospital. San Francisco, San Mateo and Marin counties 
were eliminated from this area since it was felt that using 
a "direct-access" criterion potential users would use 
Letterman. In addition to the direct access criterion, most 
of area three lies within a 30-mile radius of Oak Knoll and, 
thus, use of CHAMPUS by active duty military dependents is 


not permitted. 


D. LENGTH OF STAY COMPARISON 

Comparison of length of stay for 19 diseases/conditions 
for inpatients at Oak Knoll Naval Hospital was conducted in 
Ro stages. Walsh [Ref. 7] obtained data for Silas B. Hays 
Army Hospital and compared this data with those collected 
E iyman Joseph [Ref, 1|] for 27 hospitals in the state of 
Iowa. In the oe bare comparison conducted in this study, 
length of stay at Oak Knoll Naval Hospital is compared to 
the Silas B. Hays Army Hospital data and the Iowa data. 

Two criterion were placed on the data gathered at Oak 
Knoll Naval Hospital. First the length of stay is only for 
the time the patient actually spent in the Navy hospital. 
The time a patient spent at other hospitals prior to being 
transferred to Oak Knoll is not included. Second in the 


system used at Oak Knoll, more than one diagnosis is 


Sil 





possible for any one patient. For this study, the diagnosis 
considered as the main or primary diagnosis was the one to 
Euch a particular patient's length of stay was accredited. 

Comparison of the three sets of data took the form of 
hypothesis testing. Let ut be the mean length of hospital 
stay for disease/condition i at Oak Knoll Naval Hospital, 
with T and ul the corresponding mean length of stay for 
Silas B. Hays and the Iowa Hospitals, respectively. The 
two hypotheses to be tested are: 

1) that patients with observed "disease" i admitted 

to Oak Kaol Naval Hospital actually stayed no longer than 


those admitted for the same condition at Silas B. Hays Army 


Hospital. That is: 


H a, 
Es Hi for some given i 


HO 


Pines u 


2) that patients with observed "disease" i admitted 
to Oak Knoll Naval Hospital actually stayed no longer than 
those admitted for the same condition at Iowa Hospitals. 


Bhat is: 


I 
He M Ea 


i for some given i. 


The following notation is used: 


Xo - sample mean length of stay for disease i at 


Oak Knoll Naval Hospital 


Noi = sample size of patients for disease i at Oak 


Knoll Naval Hospital 
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B = sample variance of length of stay for disease i 


at Oak Knoll Naval Hospital 


Xii = sample mean length of stay for disease i at 


Silas B. Hays Army Hospital 


Nu = sample size of patients for disease i at Silas 


B. Hayes Army Hospital 


4 = sample variance of length of stay for disease i 


at Silas B. Hays Army Hospital 


X; = sample mean length of hospital stay for disease 


ı on Iowa Hospitals 


Noy = sample size of patients for disease 1 in Iowa 
Hospitals 
s? = sample variance of length of stay for disease i 


Ii 


in Iowa Hospitals 

A t test, using pooled variance, was used to compare 
the mean lengths of stay. Data from Oak Knoll Naval Hospital 
was compared to data from Silas B. Hays Army Hospital and 
BEes27 Iowa Hospitals. The following test statistics were 
used: 


For the Oak Knoll and Hays comparison: 





where: 


2 


1957; 


li 
E.) 


2 
m (No; -1)89, *CN 


p 
Mio 


represents the pooled variance. ti was assumed to have a t 


Oi 0172) degrees of 


freedom for the Oak Knoll and Hays comparison and the Oak 


distribution with CNH TN -2) and SEEN 
Knoll and Iowa comparison, respectively. The probability 
of rejecting the null hypothesis if it were true was chosen 


to be 0.01. The null hypothesis was rejected if ti CET 01º 
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IV. RESULTS AND CONCLUSIONS 


The results of this study and the conclusions therefrom 
are divided into five sections: population size, population 
characteristics, the screening process, relative moral hazard, 
utilization patterns and other statistics and rates. The 
population size section presents the results from the pop- 
ulation size estimating algorithm. The population character- 
istics section discusses the age and sex distribution of the 
two largest elements of the population served by Oak Knoll 
Naval Hospital. The disease screening Section discusses 
the results of the efficiency screening process applied to 
19 diseases/conditions. The relative moral hazard section 
addresses the conclusion reached on the existance of relative 
moral hazard resulting from considering the military hospital 
as a prototype for a system providing large-scale access 
to low-cost health care. The general utilization patterns 
section discusses two observations on utilization discovered 
during this study. The final section presents some basic 
E istics for the Oak Knoll Naval Hospital that will be of 
use in future efforts to age and sex adjust utilization data 
presented in this and future studies. All results and con- 
clusions involving population size or composition are based 


on the estimated population in Population Area 3. 
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A. POPULATION SIZE 

Table I gives the population size resulting from the 
Setimating algorithm. Since the size of any population 
varies with time, this algorithm is highly time dependent. 
However, precluding any massive military buildup or cutback, 
the algorithm does produce an estimate that is good over 
che short run. 

Table II lists those parameters used in estimating the 
mean number of dependents for active duty and retired 
military personnel, the proportion of retireds who bank 
outside of the population areas considered and the proportion 
of retired personnel who have waived military retired pay. 
The mean number of dependents for active duty personnel was 
determined from Department of Defense figures in Ref. 5. 

The mean number of dependents for retired personnel, the 
proportion who waive military retired pay and the proportion 
who bank outside the pertinent population areas were 
determined from the Navy Exchange Survey. 

For this algorithm and for the time frame considered 
(30 June 1972 - 30 May 1973) four factors were not taken 
into account. The first factor was the number of persons 
eligible for health care in government sectors other than 
those listed in Table I. For example, Coast Guard personnel 
are not included. These sectors made up only 0.7% of the 
users of Oak Knoll Naval Hospital during the period 
meeaitary 19072 to 3] March 1973. Because of this minute 


utilization of Oak Knoll by these groups, they were not 
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considered in the algorithm even though they are a part of 
ehe supported population and, thus, potential users. The 
second factor was the rate of growth of the retired population. 
For this study retired persons were counted as of December 
872» Based on Air Force figures, the retired community 
increases at the rate of 0.5% a month. Consideration of this 
rate of growth is necessary for projections of future retired 
community sizes; however, for the present study this factor 
was not considered large enough to significantly affect 
results. The third factor was the difference between actual 
numbers of persons assigned to a Navy ship and the published 
allowances. In general, the actual number on board is 
usually less than 10% lower than the allowance. For the 
areas considered in this study, personnel on ships accounted 
fer approximately 7% of the total population size; thus, the 
difference between the actual number of assigned personnel 
and the allowance has little effect on the total population 
size. The final factor not considered was the proportion 
of retired personnel who bank in the population areas 
man dered, but live outside oi them. No effective means 
of measuring this proportion, outside of a survey of all 
military retirees, exists. For this reason the factor was 
not considered. 

The four factors mentioned above would have various 
effects On the population size that would result from their 
inclusion in the algorithm. By not considering the number 


of eligibles in other sectors and the rate of growth of the 


! 
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retired population, the algorithm underestimates the popula- 
tion size. However, by not considering ship allowance versus 
actual assigned personnel and the number of retirees who livo 
away from the area that have their checks sent to banks in 
the areas considered, the algorithm overestimates the 
population size. It is obvious that the four factors will 
tend to cancel each other. However, the extent to which the 
four factors completely nullify the effects of each other 


is not known. 


B. POPULATION CHARACTERISTICS 

Two characteristics of the population served by Oak Knoll 
Naval Hospital were determined. These characteristics were 
age and sex. The age characteristics determined were the 
age distribution of active and retired military personnel. 
The proportion of males and females in the active duty and 
retired military personnel communities was also determined. 

Figure 4 gives the estimated age distribution of active 

duty male personnel in population area three as of 30 June 1972. 
This distribution - obtained by applying the proportion of 
personnel in each age category obtained from Ref. 5, to the 
estimated population size. Estimates of the proportions of 
females falling in each age category were not available. 
However, since females make up less than 5% of the present 
Military torce, it was not felt they would significantly 
change the age distribution. Figure 4 clearly shows the 
existance of a concentration of personnel in the 18-29 year 


Old age group. 
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Figure 4 Estimated age distribution of active duty 
personnel in Population Area 3 
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Figure 5 Estimated age distribution of retired personnel 
in Population Area 3 
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Figure 5 shows the age distribution for retired personnel 
living in population area three. This distribution was obtained 
by applying the estimated proporticns of personnel in each 
age group to the estimated population size. These proportions 
were determined from a survey of retired personnel in the 
Oak Knoll area. Table III lists the proportions estimated 
from this survey and the 95% confidence interval for each. 

A sample size of 1242 was obtained from the survey. This 
Sample size is smaller than that required by Appendix A. 
However, the main effect of this smaller sample size is simply 
to increase the size of the confidence interval for each 
proportion. 

As expected the number of males in both the active duty 
and retired military personnel categories greatly exceeds 
the number of females. From Ref. 5 the proportion of 
females on active duty as of 30 June 1972 was determined fon 
be 0.022. Applying this same proportion to the active duty 
military personnel in population area three, it was deter- 
mined that 2,222 of the 101,021 active duty personnel were 
female. The proportion of females in the retired community 
was determined from the Navy Exchange survey and found to be 
0.039. Thus, of the estimated 29,389 retired military 
personnel in population area three, 1,146 are female. 

Although the above numbers do indicate that the popula- 
tion is largely male, it must be noted that over 98% of the 
male retired personnel and over 54% of the male active duty 


personnel are married. These two percentages add females 
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to the population supported and, thus, tend to somewhat 


even out the distribution of males and females. 


C. DISEASE SCREENING 

This section discusses the results of the screening pro- 
Pess. Table IV lists those International Classification of 
Disease (ICDA) codes examined in this study and the disease 
EB condition to which they are assigned. Joseph [Ref. 1! in 
his study of Iowa Hospitals uses International Morbidity 
codes to describe the diseases/conditions examined. These 
two systems are not exactly the same. Specifically for this 
study, the International Morbidity Code for hernia of the 
abdominal cavity without mention of obstruction is 560, but 
the ICDA system assigns 550 and 503 to this condition. These 
two codes were combined in the analysis and appear as ICDA 
code 550 in all tables. The specific diseases and conditions 
used in this study were chosen because of the availability of 
comparative data (i.e. Joseph's). 

Initially, comparisons were made with data collected 
by Walsh [Ref. 7] 1n his study of Silas B. Hays Army Hospital. 
Table V gives the results of this comparison. Of the 14 
comparisons made the following diseases/conditions were 
found to have significantly longer lengths of stay at Oak 
Knoll: 
Influenza, unqualified 
Hypertroply of tonsils and adenoids 


Displacement of intervertebel disc 
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TABLE IV 


INTERNATIONAL CLASSIFICATION OF DISEASES CODES 
ADAPTED FOR USE IN THE UNITED STATES (ICDA) 


ICDA CODE 
0092 
290 
427 
431 
440 
455 
466 
470 
485 
486 
900 
932 
939 
940 


900 


9749 


975 


626 


6409 


729 


820 


DISEASE/CONDITION 

Gastroenteritis and colitis 
Diabetes mellitus 

Symptomatic heart disease 

Cerebal hemorrhage 
Arteriosclerosis 

Hemorroids 

hMeure Bronchitis and bronchiolitis 
Ini luenza,;, unqualified 
Bronchopneumonia, unspecified 
Pneumonia, unspecified 
Hypertroply of tonsils and adenoids 
Ulcer of duodenum 

Gastritis and duodenitis 

Acute appendicitis 


Inguinal hernia without mention of 
obstruction 


Cholelithiasis, other and 
unspecified 


Cholecystitis and cholongitis, 
without mention of calculus 


Disorders of menstruation 


Abortion, without mention of 
sepsis or toxemia 


Displacement of intervertebel disc 


Fracture of neck of femur 
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Since the length of stay for only three diseases/conditions 
were found to be longer, it was concluded that for the dis- 
eases/conditions examined that there is little difference 
between lengths of stay at Oak Knoll Naval Hospital and 
Silas B. Hayes Army Hospital. Extensions of this conclusion 
to military hospitals in general should not be made. 
The results of stage one of the efficiency screening 
process are also given in Table V. Comparisons of length 
of stay for Gastroenteristes and Colitis and Cerebal Hemor- 
rhage were not made because of the small (n=l) sample sizes 
available from Oak Knoll. 
Of the 19 diseases/conditions compared, the following 

Bro significant at a 0.99 level of significance. That is, 
the hypothesis that mean lengths of stay at Oak Knoll for 
the disease/condition compared are less than or equal to 
those for the Iowa Hospitals is rejected. 

Diabetis mellitus 

Hypertroply of tonsils and adenoids 

Ulcer of duodenum 

Gastritis and duodenitis 

Accute appendicitis 

Displacement of intervertebel disc 
These results agree with those found by Walsh [Ref. 7] with 
four exceptions. Compared with the Iowa Hospitals length of 
Stay for displacement of intervertebel disc was not found to 
be significantly longer for patients at Silas B. Hays Army 


Hospital. However, three additional diseases/conditions were 
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found to have significantly longer lengths of stay at Hays. 
These diseases/conditions were: 

Hemorroids 

Hernia of abdominal cavity without mention of obstruc- 

tion 

Enactune ol neck of femur, hip 
Those diseases/conditions found to have significantly longer 
lengths of stay at Oak Knoll were then passed on to screening 
stage two. 

Of those diseases/conditions found to have significantly 

longer mean lengths of stay, the following were considered 
to be serious: 

Diabetis mellitus 

Ulcer of duodenum 

Accute appendicitis 

Displacement of intervertebel disc 
Thus, the elements of the hospital unit which contribute to 
the care of patients with these diseases/conditions are 
those toward which initial efficiency studies should be 
directed. The most common element contributing to the treat- 
ment of these diseases/conditions is the operating theater. 
Thus, Initial efficiency studies should be directed at the 
operation of the surgical system at Oak Knoll. However, 
before this type of study is undertaken two other aspects 
affecting length of stay should be examined. 

All four of the diseases/conditions that emerge from 


the screening process require a determination of fitness 
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for duty by a medical board and some recuperative period. 
Before any efficiency oriented study of the surgical system 
at Oak Knoll is undertaken, the effects of the "medical 
board" and recuperative period on the diseases/conditions 


found to have longer lengths of stay must be quantified. 


D. RELATIVE MORAL HAZARD 
By considering the military hospital as a prototype 

for a system of large-scale access to low-coast health care, 
the results of comparisons of lengths of stay given in 
Table V can be used to give an indication of the existance 
of relative moral hazard. In six of the 19 cases examined, 
lengths of stay at Oak Knoll were significantly (statisti- 
cally) longer. However, in 12 of the 19 cases, the lengths 
of stay were the same or shorter. Several mitigating fac- 
tors must be considered before a conclusion concerning the 
existance or nonexistance of relative moral hazard can be 
made. These factors concern the characteristics of the 
population supported by Oak Knoll and two unique features 
oi the military EUM 

The data from Oak Knoll Naval Hospital was not age and 
sex adjusted for differences between the population served 
by Oak Knoll and that served by the Iowa Hospitals. The 
two-humped age distribution of the military population is 
bnegue tO military populations. The existance of a large 
portion of the population in the 40 to 70 year old age group 
Should have a tendency to increase the length of stay for 


the population as a whole. However, examination of the data 
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in Table VI for the diseases/conditions which had longer 
meiotic Of Stay (ICDA codes 200, 500, 532, 535, 540, and 

WAS) Shows that 1t is not this age group that causes the 
increase. The longer lengths of stay in all cases tends 

to occur in the under 40 year old age groups. While surpris- 
ing, this result supports the conclusions that can be made 
from considering two unique factors affecting length of 

stay in a military hospital. 

The previously discussed existance of "medical boards" 
and the lack of recuperative facilities outside the hospital 
both have a tendency to increase the lengths of stay for 
active duty personnel. The data in Table VI indicates that 
nper lengths of stay do occur for the larger active duty 
age groups. "Medical boards" tend to increase the lengths 
of stay for all active duty personnel; however, the lack of 
recuperative facilities outside the hospital is mitigated by 
another variable, marital status. Single active duty personnel 
must spend their recuperative period in the hospital, since 
barracks are not set up to deliver recuperative care. How- 
ever, married active duty personnel can go home for their 
recuperative care the same aS a civilian. The extent to 
which marital status affects lengths of stay has not been 
determined. 

The final factor that may have caused longer lengths of 
stay to have resulted for the Oak Knoll data was the consid- 
eration given to diagnosis in calculating lengths of stay. 


The main or primary diagnosis was considered to be the only 
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TABLE VI (continued) 
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TABLE VI (continued) 
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RS CA o condition alfecting a patient's length of stay. 

Any complications or additional diseases/conditions were not 
considered. To the extent that these secondary diseases/ 
conditions contributed, lengths of stay would be longer than 
those that would have resulted from only the main diagnosis. 
However, this factor was not considered by Joseph in the Iowa 
Hospitals. For this study it was assumed that the affect 

of secondary diseases/conditions was the same for the Oak 
Knoll and Iowa populations. Thus, these secondary diseases/ 
conditions have no affect on the comparative results. 

Two of the mitigating factors mentioned have the effect 
of increasing lengths of stay in a military hospital. Thus, 
although it has not been proven that relative moral hazard 
does exist, this initial analysis of the military hospital, 
adjusted for characteristics which would not be present in 
a civilian prepaid faculity, does show that projections of 
great per capita jumps in the consumption of low-cost 


inpatient care may well have been exaggerated. 


E. GENERAL UTILIZATION PATTERNS 

From the data in Table I, the composition of the sup- 
ported oH E was found to be 54% active duty personnel 
and dependents and 46% retired personnel and dependents. It 
was expected that this composition would be reflected in 
actual utilization of the hospital; however, such was not 
the-case. From the data in Table VII it was found that of 
those persons actually using Oak Knoll during the period 


examined, 65% were active duty personnel and dependents 
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and 34% retired personnel and dependents. The reason for 
this difference is probably the CHAMPUS program. 

CHAMPUS is the Civilian Health and Medical Program for 
the Uniformed Services. It is a government sponsored and 
partially financed health care program available to active 
duty and retired military personnel and their dependents. 
However, eligibility for use of the program is restricted. 
Essentially active duty personnel and dependents are not 
eligible unless specifically authorized by local medical 
officials or in an emergency situation. Retired personnel 
and their dependents, however, have free choice between 
CHAMPUS and military care. Except for a small copayment by 
a retired person or his dependents, CHAMPUS costs the 
mada yvidual no more than military care. Thus it appears that 
retired personnel and their dependents, to some extent, 
prefer civilian care under CHAMPUS to military care. 

Upon completion of the comparisons of Oak Knoll data 
with that from the Iowa Hospitals, it was noted that only 
1,614 of the 11,779 patients served by Oak Knoll during the 
period examined were represented in the data. Thus, it was 
decided to examine the distribution of admissions in each 
ICDA category. This grouping was chosen Since the ICDA 
coding system groups diseases/conditions into similiar types 
and, thus, similiar treatments. Table VIII lists the ICDA 
code groups and their medical description. Table IX lists 
the number of admissions to Oak Knoll from June 1972 to 


May 1973 for each group. 
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TABLE VIII 


FER ASCODE, GROUPS DESCRIPTIONS 


ICDA CODE GROUP DESCRIPTION 

000-136 Infective and parasitic diseases 

140-239 Neoplasms 

240-279 Endocmme mutritional and 
metabolic diseases 

280-289 Diseases of the blood and 
blood-forming organs 

290-315 Mental disorders 

320-389 Diseases of the nervous system 
and sense organs 

390-458 Diseases of the circulatory 
system 

460-519 Diseases oi the respiratory 
system 

020-577 Diseases of the digestive system 

580-629 Diseases of the genitournary 
system 

630-678 Complications of pregnancy, 
childbirth, and the puerperium 

680-686 Diseases of the skin and 
subcutaneous tissue 

710-738 Diseases of the musculosketetal 
system and connective tissue 

140-759 Congenital anomalies 

760-779 Certain cases of perinatal 
MOLDA ty and mortality 

780-796 Symptoms and ill-defined 


conditions 
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nenem Table IX accounts for 10,538 of 11,779 
admissions to Oak Knoll during the period examined. The 
remaining 1247 admissions were under the ICDA code group 
Y000-Y030 which is for special conditions and mn S 
without sickness and classification of infants according to 
ipe of birth. 

Use of the information provided by Table IX will enable 
an analyst to determine those areas of treatment that have 
the largest number of occurances. However, even with this 
knowledge, no comparative analysis can be done without 
comparable data from civilian hospitals. It was this lack 
of data from the civilian community that precluded further 
examination of the code groups with a large number of 


wecurances. 


F. OTHER STATISTICS AND RATES 

Table X through XIV are a collection of basic data 
that are generally spoken to in health care literature. 
Though not of immediate use in the present study, they were 
felt to be of interest in providing a basis from which a 
general idea of the magnitude of operations at Oak Knoll can 


be determined. The following tables are included: 


TABLE NUMBER DESCRIPTION 
X Admission rates per 1000 
eligibles by age and sex 
XI Admission rates per 1000 
eligibles by age, sex and 
ICDA code 
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XII 


XXI 


XIV 


Surgical rates per 1000 
eligibles by age and sex 


Length of stay by age and sex 


Patient days per 1000 eligibles 
by age and sex 
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TABLE XI (continued) 
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TABLE XI (continued) 
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TABLE XI (continued) 
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TABLE XI (continued) 
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APPENDIX A 


SAMPLE SIZE CALCULATIONS 


A. AGE DISTRIBUTION OF RETIRED PERSONNEL 

To calculate the sample size necessary to predict the 
proportion of retired personnel falling in a particular age 
group, a Slightly different interval than that given before 
pus used. Miller [Ref. 6] states that the simultaneous 
confidence intervals for the proportion of personnel falling 


mr Category j, p is given by 


j 2 


tul 


^ 


p.(1-p.) 
[| A E 


n 


NS 


^ 2 ` 
Pj t Din 


Rondo obtain an estimate of n from this interval 


it was required that: 


-op.! < 0.03 
IP; P;| 0-0 


Si o Cp SÊ 
EI pues E i| ERON (D 


It is clear from this formulation that the maximum sample size 


or 


would occur when p: = 0.25. In order to keep sample sizes to 
a more manageable number a better estimate was used of the 
maximum P to be expected. From the United States Bureau of 
Census information on the 1970 census it was found that the 
maximum proportion in 10 year groups of approximately the 


same age as desired in this study was 0.28 for California. 
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This proportion was used to calculate the required sample 
size. Substituting m=5 (5 groups, 10 years each) a = 0.05 
and p; - 0.28, into equation (1) the required sample size is 
2126. Thus, with a simple random sample of size 2126, the 
proportion of persons falling in each age group would be 


known within .03 with a 95% confidence. 


B. MEAN NUMBER OF DEPENDENTS PER RETIRED MILITARY 

In determining the number of dependents per retired 
military person, a dependent was defined to be the member's 
spouse or any children still residing in the retired person's 
home. This definition was chosen since children are no 
longer eligible for military health care, based on their 
parents service, after they reach the age of 18 unless they 
are in college or non-self Supporting. 

The mean number of dependents per retired military was 
determined through surveys conducted at Navy Exchanges in 
the Oak Knoll area. A two-step sampling procedure was 
moltowed as discussed in Cochran [Ref. 8]. The initial 
sample was used to obtain an estimate for the population 
variance. 

agains the estimator for the mean number of dependents 
Normally distributed, Cochran [Ref. 8] gives the following 
formula for the total sample size (including the initial 


sample): 


2 
n 
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m SS) 


where: S = estimate of the population variance obtained 


from the initial sample 


DE MES initial sample size 
V - a? /+ = variance of the estimator 
d = chosen margin of error 


i: = abscissa of the normal curve that cuts off 
an area a at the tails 
For estimating the mean number of dependents, the 


following values were chosen: 


ny = 9300 
d = .l 
E = 27232 


thus a 95% confidence interval of width .2 about the 
estimated mean. This interval was chosen since it was 
expected that the mean would be near 2.0. With these numbers 
we would be 95% confident we were within 10% of the actual 
mean value. From the initial survey Sa was calculated to 


il 


be 1.760. Inserting sa d and t into the formula for 


ee oru 


the final sample size produces a required sample size of 956. 


on PROPORTIONS 

Two proportions were necessary to fully estimate the 
total number of retired military personnel living in the 
Oak Knoll area. These proportions were the number of retired 
personnel that have their retirement-pay check sent to a 
bank not in the Oak Knoll area and the proportion of retired 


military personnel who have waived military pay. Estimations 
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of these two quantities was done using the two sample 
technique described in Cochran [Ref. 8]. 

Using the two-sample technique for proportions, the 
initial sample was used to obtain as estimate of the pro- 
portions desired to use in calculating the total sample 
Bere required. Cochran [Ref. 8] states that in order to 
obtain an estimate of the proportion desired the final sample 


size is given by: 


p,q SOLES eI ecd 
e. ln 1*1 


n S = 
V Pa DANT 
where: pP, = estimate of the proportion from the initial 
sample 


oy A 
n, = size of the initial sample 
V = the desired variance of the estimator for 
the proportion 
The initial sample size was 508. The variance of the 
estimator, V, was chosen as 0.0001 for both proportions. 
Estimates of the proportions made from the initial sample 
were p, = 0.0903 for the proportion of retirees who have 
their retired pay check sent to an area outside the Oak Knoll 
area and Do = 0.0197 for the proportion of retirees who have 
waived retired pay. Using these results the required total 
sample sizes were 856 for p, and SEO or Po: 
With this method of estimation, the ordinary binomial 


estimates, Py and Po: made from the complete sample of size 
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w e brased. To correct for bias, the estimate for 
Py and Po was taken as: 
P, "OB + i = 1,2 

According to Cochran [Ref. 8], the number of observed 
persons falling in the category for which this sample was 
made is too small to use a normal approximation in computing 
the confidence intervals. Confidence limits must be calculated 
from the binomial tables and adjustments made using a finite 
population correction. In the two cases considered here, the 
finite population correction was negligible. Thus the 
confidence limits were read directly from charts of confidence 
intervals for proportions found in the Handbook of Tables for 
Meobabllity and statistics |Ref. 9] after the sample was taken 


and the proportions calculated. 
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